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[571 ABSTRACT

A circuit for controlling signals between a signal source
at a first terminal, a device under test at a second termi-
nal and 2 metering means at a third terminal where the
device under test may be either a source of signals or a
load, provides signals at the first terminal to the second
terminal and to the third terminal in one condition and
in a second condition provides signals from the second
terminal to the third terminal and isolates the first termi-
nal from signals at the second terminal.

8 .Claims,_ 1 Drawing Figure
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CIRCUIT FOR COUPLING SIGNALS TO ORFROM

A CIRCUIT UNDER TEST

S

This invention relates to electronic circuits and more

particularly to circuits which may selectively serve as

drive circuits or sense circuits.

In the electrical tester art there is a need for test
apparatus which in testing a circuit can either apply a
drive signal to or sense a signal at a given test point in a
circuit under test. This is usually accomplished by pro-
viding in the test apparatus a plurality of separate drive
and sense channels and a plurality of miniature relays to
connect either a drive channel or a sense channel to a
given test point in a circuit under test in accordance
with the function (drive or sense) to be performed.
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nected to the common junction of Rp; and switch S3.
Circuit terminal T1 is connected to the common junc-
tion of Rp; and switch S3 so that test signals from
source 100 are coupled to the base of Q1 via switch S3.
A switch S2 is connected between the base of Q1 and a
reference potential (ground) as a means of holding Q1
off when desired (by:closing switch S2). The input/out-
put terminal T2 is connected to the common _]unctlcn 14
of Q1 and Q2. -

'The control or gate electrode of transistor Q2 is selec-
tively connectable via a switch S1 to either the base of
Q1 or a reference potential which in this embodiment is

- the positive voltage supply Vpp. A first branch termi-
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For testing digital circuits, the drive circuits prefera- -
bly have a low drive impedance in order that the device -

under test will be driven with a known voltage. Sense
circuits preferably have a high input impedance in order
that the sense circuits will not unduly load the device
under test since excessive loading can adversely affect
the operation of the device or circuit under test.

In the course of testing semi-conductor devices in-
cluding integrated circuits, there are numerous occa-
sions on which- it is necessary to test a device at high
frequencies and at temperatures which are either higher
or lower than room temperature. To accomplish the
latter, the devices can be tested while in any oven or
cooling chamber, however, the test equipment may not
fit into such an enclosure or may not be designed to
operate at the test temperature. If either is the case, the
test equipment has to be positioned some distance from
the device under test. The resulting, relatively long
leads between the device under test and the test equip-
ment can interfere either with the proper operation or
the proper testing of the device under test, especially
when the tests involve high frequency signals.

These problems of the prior art are to a large extent
overcome in accordance with a preferred embodiment
of the present invention by providing an interface cir-
cuit which can serve either as a drive circuit or as a
sensor circuit. This circuit provides signals ‘at a' first
terminal to a second terminal and to a third terminal in
one state and in a second state provides signals from the
second terminal to the third terminal and can isolate the
first terminal from the signals at the second termmal In
the drawing: . |

The FIGURE is a circuit dlagram of an 1nterface
circuit in accordance with the present invention. -

Referring to the FIGURE an interface circuit-10 has
an input terminal T1 for connection to a source 100 of
test signals, an input/output terminal T2 for connection
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nal Bj of switch-S1 1s connected to the base of Q1 and
a second branch terminal Bjis connected to the positive
bias supply Vpp. In the condition illustrated switch:S1
is set to connect to its terminal By, switch S2 is open and
switch S3 1s closed. This is the operating state when
circuit 10 is being .used to supply a signal from source
100 to a device 120 under test. 'Under these conditions
the conduction of Q2 is controlled by the signal from
source 100. When circuit 10 is to act as a sensor or-load
for the device 120 under test, switch S1 is set to connect
to its terminal B2 to hold Q2 off and a cutoff signal is
applied to the base of Q1 to hold Q1 off. The cutoff
signal at the base of Q1-can be applied by signal source
100 prowdlng a cutoff 31gnal or by closmg sw1tch S2 or
by opening switch S3.. o - :
Output terminal T3 of clrcult 10 1s connected to the
common junction -of resistors: R1 and R2 which are
connected in series with Q3. Transistors Q1 and Q3 are

interconnected with their collectors directly connected

to the positive voltage supply Vpp with the emitter of

- Q1 providing the base current for Q3 and Q3 having its

emitter returned-to ground via the d.c. path comprlsm g
series resistors R1 and R2. -

In general, when device 120 is an integrated circuit -
device (IC) a plurality of interface circuits 10 are em-

‘ployed, one connected to each of the IC’s test points or

terminals such as 122, 124, 126 and 128 illustrated ini the
FIGURE, with the execption of bias supply and ground
terminals which are preferably wired dlrectly to bias
and ground conductors. -

The switches S1, S2 and S3 may be manually oper-
ated mechanical switches or may be remotely con-
trolled mechanical, electrical or solid state switches.

"When the switches are operated remotely, a control

system 90 provides control signals which actuate the

~ switches. The switches may be operated individually or

50

to a device under test 120, and an output terminal T3 for

connection to a test measurement or metering system
110. Circuit 10 comprises first and second controllable
current control devices Q1 and Q2 interconnected in
series between a positive bias source (+Vpp) and a
ground reference pctennal and a third current control
device Q3 connected in series with resistors Ry and R»
between the positive bias source (4 Vpp) and ground
with device Q3 having a control electrode coupled to
the common junction 14 of Q1 and Q2. In this embodi-
ment Q1 and Q3 are NPN bipolar transistors and Q2 is
a P-MOS enhancement field-effect transistor. Base bias
current is established for Q1 by supply +Vpp and a
series connection of a first bias resistor Rp1, a2 switch S3
and a second bias resistor R g with the base of Q1 con-
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ganged as desired. In addition to controlling switches
S1, S2 and S3, control system 90 may control source 100
via control signals provided to its control inpiit terminal
104 and may control measurement system 110 via con- -
trol signals provided to its control input terminal 114. °
The control signals provided by system 90 are in accor-

dance with prior control signals for switches of the
type(s) selected. The control signals, if any, provided to
source 100 and system 110 are also in accordance with
prior art techniques. Test signal source 100 provides
signals at its output terminal 102 which are appropriate
to the device under test 120 and the function of the test
point (122) to which terminal T2 is connected. For
testing digital integrated circuits, the test- signals will
normally be digital data with the test signal changing
back and forth between a low logic level voltage and a

high logic level voltage in the manner of a step function
or square wave (although the duration of each low level -
and high level period will depend on the digital data).
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Signal source 100 may be in accordance with the prior
art and does not constitute part of the present invention.

Measurement or metering system 110 receives signals
at its data input terminal 112 from terminal T3 of inter-
face circuit 10 and processes these signals to determine
the quality of the device under test. System 110 may be
in accordance with the prior art and does not constitute
part of the present invention.

When interface circuit 10 is operated as a driver,

- switch S2 is open, switch S3 is closed and the switch S1

is set to connect to, terminal B; so that the input signal
from signal source 100 controls the operation of both
Q1 and Q2. Under this control condition interface cir-
- cuit 10 acts as a low impedance driver for terminal T2
because of the connection of terminal T2 to transistor
Q1 in an emitter follower configuration which provides
impedance transformation between source 100 and ter-

minal T2.. =
In operation.as a driver for testmg dlgltal circuitry

10
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the application of a high logic level positive voltage Vg 20

to input drive terminal T1 forward biases transistor Q1,
biases P-MOS device Q2 off and provides a high logic
level voltage (Vux—VBE1), at the common junction 14,
where V gg; is the voltage drop across the base-to-emit-
ter junction of Q1 when Q1 is forward biased. The
voltage (Vy—V pE1) also appears at drive/sense termi-
nal T2 where it is applied to the device 120 under test.
This high voltage also forward biases transistor T3 and
a voltage equal to Vg—(VaE1+ Vpr3) appears at the
emitter of Q3, where V gg3is the voltage drop across the
forward biased base-to-emitter junction of Q3. The
cutoff of Q2 occurs when the voltage at its gate G be-
comes more than a threshold voltage more positive the
" the drain voltage of Q2. The cutoff of Q2 ensures the
ability of common junction 14 to follow the input volt-
age Vi and a maximum availability of drive current at
terminal T2 because the parallel circuit path composed
of transistor Q2 remains an open circuit as long as the
high logic level voltage Vg is supplied at T1.

When the high voltage V g is removed from terminal
- T1 and replaced by a low voltage V, transistor Q1 i1s
biased off and transistor Q2 biased on. This applies a
low voltage to the device 120 under test and also biases
off transistor Q3. Q2 in its resulting conductive state
provides a low impedance path to ground for any
- charge which has been stored in the collector and emit-
ter regions of transistor Q1, in the base region of transis-

 tor Q3 and on any stray capacitance from common

junction 14 to ground. Thus these capacitances dis-
 charge rapidly thereby allowing the signal at common
junction 14 to decrease rapidly and thus follow higher

- frequency signals than it would have been able to if Q2

were not biased on. The low voltage at common junc-

‘tion 14 ensures the cutoff state of Q3.

- When circuit 10 is in the drive mode and the signals
at terminal T1 are digital (square wave), either Q1 or Q2

(but not both) is conducting at any given time.
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When the interface circuit 10 is to operate as a sensor -

circuit for sensing the signal at the test point (122) of a
device 120 under test to which terminal T2 of circuit 10

'is connected, switch S1 is set to terminal B> and a low
logic level (cutoff) signal is applied to the base of Q1.

" The control electrode of transistor Q2 is coupled to

+ V pp via switch S1 (terminal B>) to bias transistor Q2
off. The low logic level or cutoff signal applied to the
base of Q1 ensures that Q1 is biased off and remains off.

~ This low logic level signal may be provided by a signal

source 100 with switch S2 open and switch S3 closed-or

65
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independent of source 100 either by closing switch S2 to
connect the base of Q1 to ground or by opening switch
S3 to prevent signals from source 100 from reaching the
base of Q1 and to allow the connection of the base of Q1
to ground via resistor Rps to hold that base at ground.
In this control condition any signal appearing at termi-
nal T2 acts as an input signal to the base of transistor Q3
which couples that signal to terminal T3 and provides
an impedance transformation such that terminal T2
presents a high input impedance and terminal T3 pres-
ents a low output impedance. Terminal T2 presents an
input impedance of (R1+R2)X(1+83) to the device
under test, where 83 is the current gain of transistor Q3.
Typical values for 83and R2 are 50 or greater and 50 to
100 ohms, respectively. Thus an input impedance at T2
on the order of 2500 to 5000 ohms is a typical value
when R1 is zero. This is a sufficiently high value that
only under very peculiar circumstances would it consti-
tute a signficiant load for the device under test. If a
higher input impedance is needed, the resistance of R2
may be increased or R1 may be made non-zero either of
which increases the input impedance. If R1 is made
non-zero a voltage divider comprised of R1 and R2 is
also created between Q3 and T3. Such a voltage divider
attenuates the signals supplied to measurement system
110. Such attentuation may be desirable when the de-
vice under test operates with higher voltages or differ-
ent logic levels than the measurement system 110. Thus,
the values selected for R1 and R2 depend in part on
whether attenuation of the sensed signals 1s needed for
proper testing. The output impedance at T3 under these
conditions is the output impedance (Royr) of the De-
vice Under Test divided by 14 83 plus R1 all in parallel
with R2 and thus  has the value
[R1R2(183)+R2Rou7rl/[Rour+(R1+R2)  (1+83)].
When device 120 under test applies a low logic level
signal to T2, Q3 remains cutoff and a low voltage
(eround) appears at terminal T3. When device under
test 120 applies a high logic level signal Vg to terminal
T2, transistor Q3 amplifies the current level of this
voltage and a voltage (Vy—V pg3) appears at the emit-
ter of Q3. Thus, the logic value of the voltage at the
emitter of Q3 and thus.terminal T3 tracks the logic
value of the voltage at terminal T2.

Transistors Q1 and Q3 are preferably bipolar devices
because of the current gain and impedance transforma-
tion they provide and because of their relatively high
output current capability.

Q2 is preferably a field effect transistor. The thresh-
old voltage and conduction type of field effect transis-
tor Q2 are selected so that application of a low logic
level signal to its gate electrode causes Q2 to become
conductive to ensure that the common junction 14 of
Q1 and Q2 is rapidly brought to a low logic level and so
that application of a high logic level signal to its gate
electrode causes Q2 to become non-conductive. The
impedance of a high quality field effect transistor is high
in its cutoff state which ensures that a high input impe-
dance is seen at terminal T2 by a device under test when
interface circuit 10 is in the sense mode. However, a
bipolar transistor may be used as Q2 if it provides ac-
ceptable operating characteristics. Ease of processmg
considerations may dictate the use of blpolar mrcultry
for. the Q2 function when circuit 10 is fabricated in
integrated circuit form.

The switches S1, S2 and S3 are illustrated as relays

but may be solid state transistor devices as may be ap-

propriate. Either switch S2 or switch S3 may be omit-
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ted while still ensuring isolation of T2 from T1 in the
sense mode. Both switches S2 and S3 may be omitted of
Q1 1s held off by a low logic level signal at T1 in the
sensing mode. If S2 is omitted, it is replaced by an open
circuit. If S3 1s omitted, it is replaced by a short circuit.

If a combination of high frequency signals and rela-
tively long conductors between interface circuit 10 and
source 100 and/or measurement system 110 create cir-
cuit problems, shielded cable may be employed between
resistor R1 and terminal T3 and R2 selected to match
the characteristic impedance of that cable in order to

10

minimize reflections. Similarly a shielded cable may be

employed between terminal T1 and switch S3 with
resistor Rz selected to match the characteristic impe-
dance of that cable.

What is claimed is:

1. A circuit for controlling signals between a signal
source at a first terminal, a device test at a second termi-
nal and a metering means at a third terminal where said
device under test may be either a source of signals or a
load, said circuit comprising: |

switch means having first and second switch condi-

tions; |

means coupled to said switch means for coupling

signals from said second terminal to said third ter-
minal independent of the switch condition of said
switch means, for in said first switch condition
coupling signals from said source at said first termi-
nal to said second and third terminals and for in
said second switch condition isolating signals at
said second and third terminals from signals at said
first terminal.

2. A circuit for controlling signals between a signal
source at a first terminal, a device under test at a second
terminal and a metering means at a third terminal where
said device under test may be either a source of signals
or a load, said circuit comprising:

switch means having first and second switch condi-

tions;

means coupled to said switch means for in said first

switch condition coupling signals from said source
at said first terminal to said second and third termi-
nals and in said second switch condition for cou-
pling signals at said second terminal to said third
terminal in isolation from signals at said first termi-
nal; |

said means for coupling including a first controllable

current coupling device and a second controllable
current coupling device having their controlled

current paths connected in series between a bias.

potential source and a point at reference potential;
and
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said switch means including means for controlling
said second current ¢oupling device in response to
the signals at said first terminal in said first switch

~ condition and for biasing said second current cou-

pling device to cutoff in said second switch condi-
tion.

3. The circuit recited in claim 2 wherein:

said first and second current coupling devices are first
and second transistors, respectively; and

- said switch means couples the signal from said signal

source to said second transistor in said first switch
condition.
4. The circuit recited in claim 3 wherein:
said switch means includes a means for rendering said
first transistor responsive to signals from said signal
source in said first switch condition and for render-
ing said first transistor non-responsive to signals
from said signal source in said second switch condi-
tion to isolate said first terminal from said second
and third terminals in said second switch condition.
5. The circuit recited 1n claim 2 wherein:
said coupling means includes a third current coupling
‘device and an impedance device having their cur-
rent paths connected in series between a second
bias potential source and a second point at a refer-
ence potential, said third terminal coupled to the
common junction of said third current coupling
device and said impedance device, said third cur-
‘rent coupling device including means for control-
ling its current conduction, said means for control-
ling being coupled to the common junction of said
second terminal and said first and second current
coupling devices for enabling said third current
coupling device to couple signals from said com-
mon junction of said second terminal and said first
and second current coupling devices to said third
terminal. |
6. The circuit recited in claim 5 wherein:
said first and third current coupling devices are bipo-
lar transistors of the same conductivity type for
providing impedance transformation between said
first and second terminals and between said second
and third terminals, respectively.
7. The circuit recited in claim 6 wherein:
said second current coupling device is a field effect
~ transistor. o
8. The circuit recited in claim 5 wherein:
said first recited bias potential source is at the same
potential as said second bias potential source; and
said first recited point at a reference potential 1s at the
same potential as said second point at a reference

potential. |
- x k k. % %
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